The goal of the study was to determine whether the Occupational Personality Questionnaire (OPQ32i) yielded comparable results when two different modes of administration, namely paperand-pencil and Internet-based administration, were used in real-life, high-stakes selection settings. Two studies were conducted in which scores obtained online in unproctored settings were compared with scores obtained during proctored paper-and-pencil settings. The psychometric properties of the paper-and-pencil and Internet-based applications were strikingly similar. Structural equation modelling with EQS indicated substantial support for the hypothesis that covariance matrices of the paper-and-pencil and online applications in both studies were identical. It was concluded that relationships between the OPQ32i scales were not affected by mode of administration or supervision.
INTRODUCTION
Since the development of Kraepelin's free association test in 1892, an early forerunner of personality testing, psychological assessment has advanced dramatically (Anastasi & Urbina, 1997) . Not only have a variety of assessments specifi cally developed for the world of work emerged, but psychological assessment has evolved into the use of information technology and technological innovations. The development of computers in the twentieth century moved the focus from traditional standardised paper-and-pencil tests to computer-based testing. Computerisation has strongly infl uenced psychological research and practice (Mead & Drasgow, 1993) . The latest trend has been made possible by the growth of the Internet as a generic communication medium (Bartram, 2001a) . Salgado and Moscoso (2003) predicted that the next 10 years would be the decade of the Internet in personnel selection.
In a review of online instruments Brown, Bartram, Holtzhausen, Mylonas and Carstairs (2005) found that most of the major traditional paper-and-pencil personality questionnaires are available on the Internet. Cronbach (1990) points out the necessity of determining the equivalence of scale scores on a measuring instrument when it is used in more than one mode. It is therefore important to investigate the psychometric properties of traditional paper-and-pencil tests when they are adapted for use on the Internet. A literature review of previous research appears to indicate that measurement equivalence between web-based and paper-and-pencil tests is generally established (Bartram & Brown, 2002; Bartram & Brown, 2004; Brown et al., 2005; Buchanan & Smith, 1999; Mylonas & Carstairs, 2003; Templer, 2005; Trippe, 2005) . However, most of the earlier research was performed under laboratory conditions. Consequently, it is important to investigate the equivalence of Internet-based and paper-and-pencil measures in real applicant contexts (Ployhart, Weekley, Holtz & Kemp, 2003) . To address this need, the current study focuses on how people behave under real rather than laboratory conditions. It also investigates the effect of supervised versus unsupervised settings.
Computerised and Internet-based testing
The use of computers has increased dramatically since its introduction in educational and psychological assessment (Davis, 1999; Skinner & Pakula, 1986; Van de Vijver & Harsveld, 1994; Vispoel, Boo & Bleiler, 2001; Webster & Compeau, 1996) . The popularity of computer-based testing can be attributed to the automation of test administration and the almost immediate scoring and interpretation of results (Buchanan & Smith, 1999; Mead & Drasgow, 1993) . Computer-based testing can also be applied such that there are no missing data, that data entry is automated and that there are no out-of-range responses (Cronk & West, 2002; Rosenfeld, Booth-Kewley & Edwards, 1993) . 2 of 11
Technological innovations in the computer industry have led to the development of better interfaces and dramatic increases in the volume of and accessibility to hardware. The Internet is currently being used widely and access from home and office is readily available. This has had a major impact on the way assessment and testing is carried out (Bartram, 2000) . ' The interconnectivity reached through the Internet is leading to a revolution in testing and assessment' (Evans, 2002, p. 3) . The Internet offers many of the same benefits as computer-based testing and can provide added benefits, but it also leads to concerns. Evans (2002, p. 7) asks the question: 'Can equivalence on personal computer be generalized to the Internet?'
The growth of the Internet has, in recent years, been phenomenal (Bartram, 2000; Buchanan & Smith, 1999; Drasgow, 2005) . The Internet was originally developed in the 1950s mainly for use by academics and the military as a medium for communicating and transferring files. It was the development of the World Wide Web in 1992 that led to the widespread use of the Internet (Bartram, 2001a) . It has been estimated that the number of people worldwide with access to the Internet (Internet usage statisticsthe big picture, 2008) reached 100 million (1 114 274 426) in 2007. This is a 208.7% increase from 2000 to 2007. In Africa the Internet usage growth increased by 638.4% from 2000 to 2007, and in South Africa by 112.5%. A consequence of these developments was that psychologists realised the potential that the Internet presented for a range of activities. Their interest was originally focused on research as a result of increased access to information (Buchanan & Smith, 1999; Davis, 1999) , but the possibilities that it offered for various human resource functions were quickly noticed. In recent years many test publishers have developed personality questionnaires, surveys, inventories and cognitive ability tests to be administered on the Internet (Evans, 2002) .
Schrage concludes that:
the Internet is the greatest medium ever invented for conducting standardized tests. Any company, or any executive, believing in the value of testing for intellectual acuity or emotional stability or managerial potential is going to treat the Net as an irresistible opportunity to poke into people's psyches. (Schrage 1999, p. 170) Over the past five years there has been a marked increase in employment tests available on the Internet for recruitment, selection and development. Unfortunately, these also include tests that are not scientifically validated. The Internet made it possible for people to bring their tests to the world, but it appears that the number of people with programming skills exceeds the number of those with the psychological expertise required to design tests (Buchanan & Smith, 1999 In spite of its potential disadvantages/misuses, the Internet offers many advantages for psychological assessment. These include enhanced convenience for the applicants with its 24 hour a day access, cost-effectiveness and a shortened hiring cycle (Cappelli, 2001; Chapman & Webster, 2003; Cronk & West, 2002; Potosky & Bobko, 2004; Salgado & Moscoso, 2003; Tippins et al., 2006) . Internet-based platforms have a broader reach and therefore allow testing in rural settings where it is difficult to travel to a testing centre. Tests are also easier to maintain, because norms can be changed readily and new translations or items can be made available around the world almost instantly (Jones & Dages, 2003; Kriek, 2005; Tippins et al., 2006) . The Internet also leads to integrated personnel assessment platforms with the potential to vastly improve the communication between employers and candidates (Holtzhausen, 2004) .
Another advantage of the Internet is the positive reaction of candidates towards Internet assessments. In a study conducted by Evans (2002) , investigating candidates' perceptions toward Internet assessments, it was found that the candidates expressed a strong preference for the Internet versions of the assessment. They perceived that online testing caused less anxiety and found it easier to use the mouse compared to a pencil. Similar studies performed by Potosky and Bobko (2004) and Salgado and Moscoso (2003) also found that Internet-based tests are more positively perceived than the paper-and-pencil tests. Dowdeswell (2006) conducted a study in South Africa in which an online survey questionnaire was administered to an applicant pool following the applicants' completion of online assessments as part of a selection process. The objective of the study was to determine how the applicants perceived the online assessments in general and whether they considered them to be fair. Overall, online assessments were perceived as fair by South African graduate applicants.
There are also some drawbacks and potential problems when using Internet-based assessments. The first major issue involves the quality of assessments available on the Internet. As discussed previously, a range of tests is made available by unqualified persons and reports are generated and feedback given on the results (Kriek, 2005) . With Internet assessments, the problem of confidentiality must also be considered. Participants may feel uncomfortable providing information over the Internet, because they believe that others may see the results (Cronk & West, 2002) . There are also some technical issues relating to the speed and bandwidth of the Internet, as well as network integrity and reliability (Jones & Dages, 2003; Tippins et al., 2006) .
Another concern expressed by Tippins et al. (2006) is that there are no studies that have examined measurement equivalence for paper-and-pencil versus unproctored Internet test administration for previously disadvantaged groups. Such groups may experience the Internet medium as difficult. Also, if disadvantaged groups have less access to the Internet, recruitment and selection via the Internet raise ethical and legal concerns (Tippins et al., 2006) . Kriek (2006) uses the selection process of a South African financial company in which openmode online assessments were used as an initial screening tool for operational positions as an example. There were 66 706 applicants that entered the website over a five-year period to complete the assessments, of which 64.81% (n = 43 231) were African, 11.67% (n = 7 782) were Coloured, 8.58% (n = 5 726) were Indian and 14.94% (n = 9 967) were White. From this it appears that previously disadvantaged groups in South Africa have sufficient access to the Internet. Foxcroft (2009) reports on two studies performed to assess the differences in test performance between students with different levels of computer familiarity. The results of the first study indicated that there was 0.5 to 1 standard deviation difference between the two groups.
In a follow-up study a few years later, however, it was found that there was no longer any significant difference between the two groups. She ascribed this phenomenon to the increasing access to technology such as cell phones by everyone in South Africa, even in rural areas and recommended that the impact of technology be monitored over an extended period and that the results of one study not be blindly followed.
'The very same factors that lead to the ease and convenience of data collection via the Internet are also responsible for the varied testing conditions possible under web-based measurement' (Trippe, 2005, p. 8) . Unproctored testing, in which the applicant completes a test battery without direct supervision, holds some of the disadvantages associated with Internet testing. Internet testing almost ensures a lack of standardised testing conditions. Candidates are subject to any number of physical and psychological variables and are more distracted than those taking tests under proctored conditions (Tippins et al., 2006; Trippe, 2005 Most of the issues regarding Internet testing relate to the level of supervision (Kriek, 2005) . Common issues underlying unproctored/unsupervised Internet-based testing include the identity of the test taker, security of the test content, cheating and the monitoring of the test administration (Tippins et al., 2006; Weiner, Hayes, Reynolds & Doverspike, 2005) . The online controlled mode of administration will become more secure as new technologies become embedded, such as remote identification and authentication through thumbprint, retinal eye pattern and voice recognition. Strategies to increase test security include test delivery in kiosk mode (controlled navigation, disabling of system commands during the test), encrypting data transmission and password logins (Kriek, 2005) .
With regard to cheating, Schrage (1999) states that wherever there is testing, there will be cheating. Tippins et al. (2006) declare:
Applicants have successfully cheated on non-Internet tests and will no doubt try to cheat on Internet tests and succeed. Cheating is not a death-knell for non-Internet tests, nor should it be for Internet tests. The relevant question is how to minimize its effects.
( Tippins et al. 2006, p. 207) To control cheating, unsupervised tests can be used as a prescreen, followed by a supervised retest for the final shortlist. Access to the tests can be controlled giving single-test access to a candidate with limited time available. The use of honesty contracts with a warning of follow-up assessments and the consequences of cheating or breeching security can be used (Kriek, 2005; Tippins et al., 2006) .
In spite of the above-mentioned disadvantages of Internet and specifically unproctored Internet testing, there is a growing body of evidence supporting the use of Internet-based testing for psychological assessments. Lievens and Harris (2003) reviewed available studies and concluded that there was initial evidence of measurement equivalence between Internet and paper-and-pencil testing. Davis (1999) examined responses to the Ruminative Responses Scale (RRS) administered via Internet and paper-and-pencil formats and found that individuals in the Internet sample reported significantly higher levels of rumination. He interpreted this finding to mean that Internetbased measures may encourage more candid responding due to perceived anonymity. The internal consistency of the RRS was similar across administration modes. Buchanan and Smith (1999) studied the Internet-based test and paper-and-pencil versions of the Self-Monitoring Scale measure (SMS-R). They found that the psychometric properties of the Internet-based version compared favourably with its paper-and-pencil equivalent. Potosky and Bobko (2004) studied the cross-mode equivalence of an untimed situational judgement test administered on the Internet (proctored) as well as by paper-and-pencil (proctored) and found promising cross-mode equivalence. Trippe (2005) evaluated the measurement invariance of unsupervised Internet and supervised paper-and-pencil forms of the International Personality Item Pool (IPIP) designed to parallel the Five Factor Model scales of the Revised NEO Personality Inventory (NEO-PI-R). His findings suggest that it is safe to assume equivalence and comparability between Internet and paper-and-pencil versions of this personality inventory. Pasveer and Ellard (1998) 
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Questionnaire (STQ) administered via the Internet (unproctored) and paper-and-pencil modes. They concluded that measures of internal consistency as well as the factor structure for the STQ were similar for the respective administration modes.
There are only a limited number of studies in which personality questionnaires have been researched under real-life conditions, and not in a laboratory setting. Of these studies even fewer studies were done in a high-stakes selection environment. Mylonas and Carstairs (2003) compared unsupervised Internet and supervised computer administrations of the Motivation Questionnaire (MQ). They attempted to create a high-stakes environment by requesting participants to complete the MQ as they would if they were applying for a position of employment. Their conclusion was that the data supported the equivalence of the two administration modes. Ployhart et al. (2003) researched the equivalence of proctored Internet-based and paper-and-pencil tests of assessment instruments in a real-life selection setting. The Internet-based measures showed better distributional properties, lower means, higher variance, higher internal consistency reliabilities and stronger intercorrelations.
In another study that simulated a high-stakes selection environment, Salgado and Moscoso (2003) examined whether the paper-and-pencil version of a Big Five personality questionnaire could be adapted for the Internet without loss of psychometric properties. They tried to create a real-life situation by informing the participants (students) that the results would be used for selecting individuals for an assessment centre training course. The data showed that the two versions were equivalent in terms of distributions, reliability and factor structure. Bartram and Brown (2004) explored the equivalence of Internet administration with no supervision and supervised paper-and-pencil versions of the Occupational Personality Questionnaire 32i (OPQ32i) (ipsative format) involving samples tested for development and selection. They found that scale reliabilities and covariances appeared to be unaffected by the differences between the administration conditions. Holtzhausen (2004) obtained similar results on the Occupational Personality Questionnaire 32n (the normative version). Templer (2005) examined the equivalence of proctored and unproctored Internet testing in a combined laboratory-field condition. The results did not provide evidence that the test conditions affected the test results.
In the case of some of the abovementioned studies, it was found that the samples that had completed the assessments on the Internet obtained larger standard deviations than their paper-and-pencil counterparts. Pasveer and Ellard (1998) and Salgado and Moscoso (2003) obtained similar mean scores for the different modes of administration and larger standard deviations, whereas Buchanan and Smith (1999) , Ployhart et al. (2003) and Potosky and Bobko (2004) found that Internet testing resulted in lower mean scores, but larger standard deviations.
The current study was carried out to provide further evidence regarding the equivalence of a personality questionnaire administered unproctored on the Internet and proctored with paper-and-pencil in a selection setting, because it is clear that Internet testing is gaining ground. Chapman and Webster (2003) studied the use of technology in recruitment and selection by conducting a survey and interviewing human resource managers who were members of the Society for Human Resource Management. Every company they interviewed had plans for increasing their reliance on technology-based approaches to recruitment and selection, as it would reduce hiring cycles and costs. If companies are intent on using technology for recruitment and selection, they should have access to instruments that are scientifically proven to be reliable and valid.
It is essential to conduct comparison studies if paper-based tests converted to Internet-based tests are to be considered valid and fair measures (Jones & Dages, 2003) . Cronbach (1990) The present study addressed two of the four requirementscomparable reliabilities and intercorrelation between subtests. Correlation with external criteria and comparable means and standard deviations were not addressed -because independent groups were used the latter was not possible given the present information.
In seven of the equivalence studies discussed previously, independent samples were asked to complete the paperand-pencil and Internet-based tests (Bartram & Brown, 2004; Buchanan & Smith, 2003; Davis, 1999; Holtzhausen, 2004; Pasveer & Ellard, 1998; Ployhart et al., 2003; Trippe, 2005) . Although these authors noted that this increased the possibility of alternative explanations for their results, circumstances in most instances made it impossible to use the same group for both modes of administration. Salgado and Moscosso (2003) express their concern about the fact that most of the equivalence studies done to date have been on independent groups of examinees. It is however notable that all the studies irrespective of the sample found cross-mode equivalence.
In this study the equivalence of a personality test was evaluated in two different studies in which the assessments were done as part of a real-life, high-stakes personnel selection and decisionmaking process. Based on the literature review, the hypothesis can be stated that there will be no differences between the psychometric properties of the unsupervised online personality assessment and the supervised paper-and-pencil personality assessment as measured by the Occupational Personality Questionnaire (OPQ).
RESEARCH DESIGN Research approach
This research can be categorised as quasi-experimental quantitative research. The aim of this research is to investigate the construct equivalence of the Occupational Personality Questionnaire 32 (OPQ32i) when it is administered in an online and paper-and-pencil mode of administration. The results were analysed using the statistical methods of mean differences, reliabilities and structural equation modelling by means of the SPSS and EQS 6.1 programs. The online samples used were samples of convenience, whereas the paper-and-pencil samples were drawn randomly from an existing database to reflect the biographical data of the online samples.
Research method Design
Two separate studies were conducted in which samples had to complete an Internet version of the OPQ32i in an unproctored, controlled selection context in South Africa. In the first study, the sample consisted of students in their final year of study or students who had already completed a degree and who had applied for various positions at a financial institution. In the second study, the Internet sample consisted of managers at a transporting company who had applied for leadership training. For both studies, the results of the Internet testing were compared with scores obtained by samples randomly drawn from an existing database of proctored paper-and-pencil OPQ32i testing results of applicants tested for various positions in different industry sectors.
As mentioned previously, Salgado and Moscoso (2003) express their concern with previous research that compared the similarity of the responses on the paper-and-pencil and Internet-based tests using independent groups of examinees. They state that:
this means that the actual equivalence was not directly examined, because the failure to detect differences between groups does not mean that the two versions are really equivalent, as such a failure could be due to other causes (e.g. a third variable or the situation). (Salgado & Moscoso, 2003, p. 200) In the researched literature it is evident that most of the previous studies did indeed use independent groups for the different modes of administration. However, in an attempt to address Salgado and Moscoso's concerns in the current research, the Internet-based samples used were drawn from high-stakes selection settings and the paper-and-pencil samples were randomly drawn to reflect the biographical data of the online samples with respect to age, gender, ethnicity and education. These biographical variables were identified as a result of the research done by Bartram, Brown, Fleck, Inceoglu and Ward (2006) , which indicated that small to medium differences were found on certain personality scales between the gender and ethnic groups. Males scored higher on Persuasive, Controlling, Data Rational, Innovative, Relaxed, Tough Minded and Competitive, while the females scored higher on Outgoing, Affiliative, Caring, Behavioural, Detail Conscious, Conscientious, Worrying and Vigorous. When gender differences were investigated using a Five-Factor Model, the men scored higher on Emotional Stability and the women on Agreeableness and Conscientiousness. This is similar to the results reported by Costa, Terracciano and McCrae (2001) in that across countries, females scored higher on Neuroticism and Agreeableness.
Small score differences were also found for the different ethnic groups in a South African sample. Black candidates described themselves to be more Outspoken and less Controlling, Affiliative and Modest than the White candidates. Age was also controlled for as it was shown that younger people scored slightly higher, with a very small effect size, on certain of the OPQ32 scales (Outgoing, Affiliative and Achieving).
Although Bartram et al. (2006) explain that none of the differences found were large and that they reflect mostly 'real but minor differences in the typical style of members of different groups in a work setting', it was thought important to control for these differences (p. 209). Following this process, no statistically significant differences between these biographical variables of the two groups were found. The samples to be compared were therefore assumed to have similar biographical information. It should however be noted that there are other third variables, such as job type and job level, that cannot be controlled for as a result of unavailability of data and that this is a limitation of the current study.
Participants Study 1
For the first study the Internet sample of students (n = 1091 The Internet sample and the paper-and-pencil sample were compared on age (p = 0.275), gender (p = 0.112), education (p = 0.287) and ethnicity (p = 0.68) and no statistical significant difference between the two groups on any of the biographical variables was found. It can be accepted that these variables will not have any effect on our dependant variable, namely the possible differences in the psychometric properties of the OPQ32i based on the results of the two groups' performance on the OPQ.
Study 2
For the second study the Internet sample of managers (n = 1 159) consisted of 852 (73.51%) males and 307 (26.49%) females. The mean age of the candidates was 42.89 (SD = 8.99) with a range from 24 to 65. In terms of ethnic distribution, the sample consisted of 383 (33.05%) Africans, 94 (8.11%) Indians, 94 (8.11%) coloured people, 581 (50.13%) white people and seven (0.60%) that indicated another ethnicity. Their highest qualifications included Grade 12 (n = 208; 17.95%), certificate (n = 145; 12.51%), degree (n = 495; 42.71%) and postgraduate degree (n = 311; 26.83%).
The randomly drawn paper-and-pencil sample to compare with the Internet sample of managers (n = 950) included 662 (69.68%) males and 288 (30.32%) females. The mean age of the candidates was 41.67 (SD = 9.52) with a range from 24 to 64. In terms of ethnic distribution, the sample consisted of 325 (34.21%) Africans, 81 (8.53%) Indians, 80 (8.42%) coloured people, 462 (48.63%) Whites and two (0.21%) that indicated another ethnicity. Their highest qualifications included Grade 12 (n = 202; 21.26%), certificate (n = 130; 13.68%), degree (n = 404; 42.53%) and postgraduate degree (n = 214; 22.53%).
Regarding the biographical variables age (p = 0.052), gender (p = 0.244), ethnicity (p = 0.643) and education (p = 0.06), no statistically significant differences were found between the Internet and paper-and-pencil samples. It can be accepted that these variables will not have any effect on our dependant variable, namely the possible differences in the psychometric properties of the OPQ32i based on the results of the two groups' performance on the OPQ.
Measuring instrument
The ipsative version of SHL's OPQ32 was used in this study. The OPQ series of personality questionnaires, containing normative and ipsative versions, were designed to provide information on individual styles or preferences at work. The structure of the OPQ includes three broad domains, namely Relationships with People, Thinking Style, and Feelings and Emotions, which can be subdivided into 32 dimensions (Bartram et al., 2006) . The OPQ32i consists of 416 items arranged in 104 blocks of four statements each of which the test taker has to choose one item as 'Most like me' and one item as 'Least like me'. 6 of 11
Evidence supporting the job-related validity of the OPQ instruments has been reported in a number of studies (e.g. Robertson & Kinder, 1993; Saville, Sik, Nyfield, Hackston & MacIver, 1996) . The British Psychological Society (BPS) reviewed the OPQ32 and stated that it is at the top of personality tests (Marshall & Lindley, 2007) . The review resulted in the OPQ32 obtaining the highest possible ratings for quality, plus a high rating for reliability (Marshall & Lindley, 2007) .
The ipsative version of the OPQ32 was used in the selection process, because it was specifically designed to counter the effects of response distortion. The items of the normative version of the OPQ32 are more transparent and open to socially desirable responses in which the applicants may attempt to present themselves in a more favourable light. Bank and Ramsey (2001) found in a study conducted to examine the effect that unproctored Internet administration may have on responses to work styles instruments that the applicants tend to present themselves in a socially desirable way. They concluded that alternative measures such as dichotomised or ipsative response formats that may not be as prone to impression management as normative scales should be used. In another study, Richman, Kiesler, Weisband and Drasgow (1999) report that the mode of administration had little effect on socially desirable responses, but they conclude that the context (e.g. selection or development) within which the testing takes place had an effect.
With regard to the statistical analysis of ipsative data, Baron (1996) concludes that the artificial dependence (when raw scale scores sum to a constant for an individual) between ipsative scores does affect their psychometric properties, especially when the instrument has few scales. However, with the OPQ32i's 32 scales and 416 items, 'ipsative measurement does provide some interpretable psychometric parameters' (Baron, 1996, p. 55). Bartram (1996) and Saville and Wilson (1991) report that calculating reliabilities on ipsative measures will result in lower internal consistency reliabilities than their respective normative counterparts. For factor analysis, it is apparent that a much larger number of scales will be needed before the results resemble those provided by normative data (Baron, 1996) . For this reason, factor structures of the OPQ32i were not compared in this study, but scale covariances were compared where one scale was removed from the correlation matrix in order to reduce the degrees of freedom to equal the number of scales (Bartam & Brown, 2004) . This is done to free some variance, because the variance of the OPQ32i as an ipsative instrument is constrained.
Procedure
Participants in the student Internet sample were drawn from a graduate recruitment programme hosted by a South African financial institution. A hurdle approach was adopted to screen and select the graduates from this programme. Approximately 3 400 candidates applied online through the company's website and completed a structured application form. As part of the application process, candidates completed a behavioural questionnaire (i.e. an online interview) designed to screen for styles of behaviour that were identified as important for the role.
Once the deadline for applications had been reached, the 20% most suitable applicants were invited for further assessments. These candidates were then invited to do online verbal and numerical competency screening tests and to complete the OPQ32i online. This was done in a controlled assessment mode, because it would not require any direct supervision of the session and allow candidates to complete where and when it would be comfortable for them. Access to the tests was controlled via logon name and password. Participants in the Internet sample of managers were drawn from a leadership development programme hosted by a South African transport company. The aim was to identify employees that would be able to lead the organisation through a structural change and that were best fitted for development as future leaders of the company. Employees from junior, middle, senior and executive management levels were invited to complete the online assessment. The candidates were assessed by means of the online OPQ32i version and were asked to complete online verbal and numerical ability tests.
RESULTS
The main focus of the study was to determine the degree of equivalence of the OPQ32i administered unproctored on the Internet and proctored by means of the paper-and-pencil version in a real-life, high-stakes selection setting. This was achieved by comparing the samples on their mean scores, reliabilities and analysis of covariance structures for both studies. The ITC (2005) provides guidance for the use of Internet-based tests and suggests that the equivalence between paper-and-pencil and Internet-based tests be proven where the Internet version was developed from the paper-based version. It is also proposed that the mean scores and standard deviations as well as the reliabilities be comparable between modes of administration.
The first step in the analysis of the results explored possible differences between the comparison samples by examining their distributions (skewness and kurtosis), intercorrelations between the variables, and differences between the sample means expressed in terms of estimated effect sizes. In the second step, the internal consistency reliabilities of the instruments under supervised and unsupervised conditions were evaluated, and lastly, the effect of the unproctored Internet-based administration on the pattern of scale intercorrelations was examined using EQS.
Distributions, intercorrelations and mean differences Study 1 (Graduates)
In Table 1 the means, standard deviations, skewness and kurtosis of the paper-and-pencil and Internet-based applications for Study 1 are presented. The results indicate that the distributions do not deviate substantially from the normal distribution. The absolute values of the skewness and kurtosis statistics were less than one in all instances.
The intercorrelations between the OPQ32i scales for the traditional paper-and-pencil sample for Study 1 ranged from -0.37 to 0.42, with 86% falling between -0.20 to 0.20. For the unproctored Internet-based sample, the OPQ32i scale intercorrelations ranged from -0.35 to 0.39, with 90% falling between -0.20 and 0.20.
Estimated effect sizes (d-statistics) were used to assess the magnitudes of the differences between the scale means when the supervised paper-and-pencil administration results were compared with the Internet-based controlled administration results. This means that mean differences were assessed in practical terms by expressing them in pooled standard deviation units using the d-statistic (Cohen, 1988) . The values of d for Study 1 are reported in the final column of Table 1 .
The effect sizes for Study 1 ranged from very small (0.02) to medium (0.57). The medium effect size differences found between some of the scales (Conscientious, Worrying, Emotional Control and Consistency) may be due to actual sample differences (see Table 1 ). Although great care was taken to equate the samples in terms of their biographical information, no previous work experience data were available. The Internet-based sample consisted solely of young graduates with possibly no work experience applying for positions, whereas the paper-and-pencil sample more likely consisted of candidates with previous work experience. 
Study 2
In Table 2 the means, standard deviations, skewness and kurtosis of the paper-and-pencil and Internet-based applications for Study 2 are presented. Similar to findings reported for Study 1, the results indicate that the distributions do not deviate substantially from the normal distribution. The absolute values of the skewness and kurtosis statistics were less than one in all instances.
For Study 2 the intercorrelations between the OPQ32i scales for the traditional paper-and-pencil sample ranged from -0.38 to 0.49, with 82% falling between -0.20 to 0.20. For the unproctored Internet-based sample for Study 2, OPQ32i scale intercorrelations range from -0.38 to 0.49, with 80% falling between -0.20 and 0.20. As for Study 1, these results point to the relative independence of the OPQ32i scales.
The values of d for Study 2 are reported in the final column of Table 2 . The effect sizes for this study were generally substantially lower than for Study 1 and ranged from very small (0.01) to below medium (0.41).
Internal consistency reliabilities
The Cronbach alpha coefficients of the OPQ32i scales for the two modes of administration are reported separately for the two studies in Table 3 . Generally, alpha coefficients with magnitudes between 0.60 and 0.80 are considered reasonable for personality instruments (SHL South Africa, 2004) . The alpha coefficients and standard errors of measurement (SEM) for both studies are given in Table 3 . The SEM values are based on scale raw scores.
For Study 1, the alpha coefficients for the supervised paper-andpencil sample ranged from 0.60 to 0.84, with a mean alpha of 0.72, a median alpha of 0.73, and a mean SEM of 2.18. For the Internet-based sample, alpha coefficients ranged from 0.60 to 0.91, with a mean alpha of 0.74, a median alpha of 0.74, and a mean SEM of 2.04.
Similar results were obtained for Study 2 (see Table 3 ). The alpha coefficients for the supervised paper-and-pencil sample ranged from 0.62 to 0.86, with a mean alpha of 0.75, a median alpha of 0.75, and a mean SEM of 2.16. For the Internet-based sample, the alpha coefficients ranged from 0.61 to 0.89, with a mean alpha of 0.76, a median alpha of 0.75, and a mean SEM of 2.12.
It is clear from Table 3 that for both studies the mean and median alpha coefficients for the scales are very similar for the paper-andpencil and Internet applications, indicating that administration mode does not compromise scale reliability. With regard to SEM the results indicate that they were marginally smaller for the Internet-based sample than for the paper-and-pencil sample.
Similarity of scale intercorrelations
Comparison of the covariance structures of the two samples was carried out using structural equation modelling with EQS 6.1 (Bentler, 2006) . The scale covariance structures of the paperand-pencil and Internet applications for the two samples of studies 1 and 2 were directly compared with prior removal of one scale from the correlation matrix to free variance, so that the degrees of freedom became equal to the number of scales. The models tested were that the covariance matrices were identical, firstly for the two samples in Study 1, and secondly, for the two samples in Study 2.
There are a number of statistics that measure how adequately the hypothesised model describes the data. The first is the Maximum Likelihood Chi-square where a significant value is indicative of a poor fit between the two groups. The second, the Comparative Fit Index (CFI), ranges from zero to 1.00 and provides a measure of complete covariance in the data and a cut-off value of 0.95 is considered representative of a well-fitting model (Bentler, (Bentler, 2006) . This index has been recognised as one of the most informative criteria in covariance structure modelling where values of less than 0.05 indicate good fit (Byrne, 2006) .
The CFI obtained for Study 1 (graduates) was 0.985 and the RMSEA was equal to 0.015. A significant Chi-square of 705.99 with df = 465 was obtained for Study 1. The CFI obtained for Study 2 (managers) was equal to 0.993 and the RMSEA 0.012. The Chi-square (594.66; df = 465) for Study 2 was also found to be significant. The CFI and RMSEA indices represent an exceptionally good fit for both studies and imply that the relationships between the OPQ32i scales may be considered equivalent for the different application formats of the instrument. The significant Chi-square values found in both studies are an indication of either the large size of the samples or a poor fit between the two modes of administration (Byrne, 2006) .
The above results indicate that the paper-and-pencil and controlled Internet-based versions of the OPQ32i yielded comparable psychometric properties in terms of reliability and covariance structures. The null hypothesis that the OPQ32i scale reliabilities and covariances are unaffected by the differences between the supervised and unsupervised administration conditions cannot be rejected.
DISCUSSION
The main focus of this study was to determine psychometric equivalence of the OPQ32i administered unproctored on the Internet and proctored with paper-and-pencil in a real-life, highstakes selection setting. The analyses of the data supported the psychometric equivalence of these two administration modes of the OPQ32i. Therefore, the unproctored Internet-based measure of the OPQ32i had similar psychometric properties to the traditional paper-and-pencil instrument. Given the overall findings of the two studies, the general hypothesis that there will be no differences in the psychometric properties of the two modes of administration could not be rejected.
Previous research indicates that measurement equivalence between Internet-based and paper-and-pencil modes of administration is generally established. However, two concerns were raised with these studies. Firstly, Ployhart et al. (2003) point out that most of the research has been performed under laboratory conditions and not in real applicant contexts. Secondly, Salgado and Moscoso (2003) express their concern with research that compares the similarity of the responses on the paper-andpencil and Internet-based tests using independent groups of examinees. In an attempt to address these issues in the current research, the Internet-based and paper-and-pencil samples used in this study were drawn from high-stakes selection settings. In order to address the independence of the settings of where the data were collected, the paper-and-pencil samples were randomly drawn to reflect the biographical data of the online samples with respect to age, gender, ethnicity and education. Although equivalent in terms of the biographical variables, these samples are still independent, and this presents a limitation for this study. However, the possible impact of biographical data was controlled for. Salgado and Moscoso's (2003) concern that there are still extraneous variables that could not be controlled for could not be addressed.
The first step in the analysis investigated differences between the samples by examining their distributions, mean differences and the intercorrelations between scales. In both studies the skewness and kurtosis values did not deviate substantially from the normal distribution curve, because all the values were smaller than 1.00.
The means and standard deviations of the Internet-based and paper-and-pencil assessment scores in this research were very similar. The mean score differences, when expressed in terms of effect size, ranged from very small to medium. This is similar to what Mylonas and Carstairs (2003) and Ployhart et al. (2003) found. The largest difference (d = 0.57) was found in Study 1 (graduates). Although the samples were drawn to reflect similar biographical details, the graduate sample presented an interesting issue. The graduate Internet-based sample consisted solely of inexperienced candidates, whereas the work experience of the paper-and-pencil-based sample was unknown. The mean differences (Independent Minded, Innovative, Conscientious, Worrying, Emotional Control and Achieving) obtained between the samples may therefore have been due to actual sample differences rather than being the result of mode of administration.
Although previous research found that Internet-based assessments yielded larger standard deviations than their paperand-pencil counterparts (Buchanan & Smith, 1999; Pasveer & Ellard, 1998; Potosky & Bobko, 2004; Salgado & Moscoso, 2003) , this was not supported in the current study. The standard deviations for both studies were very similar. The foregoing results imply that the same norms can be used for both modes of administration.
Intercorrelations between the OPQ32i scales are a very important consideration for multi-scale instruments such as the OPQ32i. These intercorrelations indicate how closely related different constructs are to one another and they support the construct validity of an instrument (Bartram et al., 2006) . High intercorrelations among instruments or scales reduce the unique variance explained by each scale (Ployhart et al., 2003) . The low intercorrelations between the OPQ32i scales for both the Internet-based and paper-and-pencil applications suggest a high degree of independence for the scales. Ployhart et al. (2003) found that the Internet-based measures used in their study yielded higher intercorrelations than the paper-and-pencil measures. The intercorrelations obtained in the current research between the OPQ32i scales proved to be very similar for the Internet-based and paper-and-pencil samples for both studies 1 and 2. For studies 1 and 2 respectively, 90% and 80% of the coefficients fell between -0.20 and 0.20, and for the paper-and-pencil samples 86% and 82%. The range of correlations is similar for both modes of administration and does not support the finding of Ployhart et al. (2003) .
The internal consistency reliabilities of the instrument scales were also investigated for the different modes of administration. The alpha coefficients for both modes of administration for both studies were acceptable, ranging between 0.60 and 0.91. In both studies the mean alphas obtained were higher for the Internetbased samples than for the paper-and-pencil samples. Ployhart et al. (2003) also report reliabilities that are higher for the Internetbased mode of administration than for the paper-and-pencil mode of administration. It is clear that administration mode does not have a negative impact on scale reliability. The SEM results obtained for the Internet-based samples were somewhat better than for the paper-and-pencil samples. This result is similar to those found by Bartram and Brown (2004) .
Lastly, the effect of the unproctored Internet-based administration on the pattern of scale intercorrelations was examined using EQS. The comparison between the covariance structures of the Internet-based and paper-and-pencil samples for both studies produced an exceptionally good fit. Although the Chisquares obtained for both studies were significant, the CFI and RMSEA indices indicated the equivalence of the two modes of administration. An explanation for the significant Chi-square is the fact that all the samples involved had approximately 1 000 respondents each. Byrne (2006) explains that using the Chi-square for determining invariance is unrealistic, as it is too sensitive for sample size and non-normality. There is an increasing inclination among researchers to base evidence for invariance on adequate model fit. It therefore appears that the results supported the equivalence of the covariance structures for the Internet-based and paper-and-pencil modes of administration.
Vol. Overall, the data obtained from the unproctored Internet-based mode of administration yielded comparable psychometric properties to the proctored paper-and-pencil administration in terms of mean scores and intercorrelations, as well as reliability and relationships between scales. This finding supports the findings of Bartram and Brown (2004) on the OPQ32i and implies that there is little to no distortion to the instrument itself.
Conclusion
The biggest limitation of the current study is the fact that two independent samples were used for the different modes of administration. To address this, the researchers attempted to equalise the two sample groups by controlling for biographical variables up to the point that no statistical significant differences were found between the groups based on these variables. There were, however, variables that could not be controlled for that might have influenced the results. It is recommended that a follow-up study be done in which the same group of candidates is used for both modes of administration.
The study addresses certain of the equivalence issues raised by the ITC in their Internet guidelines. Evidence is provided of comparable reliabilities, means and standard deviations between the different modes of administration. However, their recommendation that scores of both modes of administration be correlated with other tests and external criteria falls beyond the scope of this research and it is recommended for future research.
It should be noted that the present study focussed solely on structural equivalence and that full-scale equivalence was not investigated. Further research is recommended to address this issue.
In summary, this research demonstrated that the traditional proctored paper-and-pencil and the Internet-based versions of the OPQ32i are equivalent in terms of their correlations and means and that relationships between scales are not affected by mode of administration and supervision when used during reallife, high-stakes assessments.
